Synthesis
Actinobolin (1) and its structurally related bactobolin (2) were isolated from the culture broths of Streptoonstrated various kinds of biological effects including ing effect on antibody production9) and therapeutic effect on autoimmune encephalomyelitis.10) Due to the unique structures and potent activities, these antibiotics have attracted intensive synthetic interest in the total synWhile 1 bears a structural resemblance to 2 except for the different substitution of C-3 ( Fig. 1 ), its biological activity and cytotoxicity are considerably distinct from those of 2. The biological diversity stimulated our interest in the alteration of functionality at C-3 of 1. We considered the epimerization of the stereochemistry at C-3 of 1 as an initial probe of the structure-activity profile of this class of antibiotic. We here report the synthesis of 3-epi-actinobolin (17) by the chemical conversion of 1.
The synthetic route to 17 is outlined in Scheme 1. and Hax-4' in 1H NMR spectrum of 4 are indicative of the equatorial hydroxyl group. Protection of the hydroxyl of 4 afforded the tert-butyldimethylsilyl (TBDMS) ether 5 (96% yield), which was converted into the N-PMS carbamate 6 (54% yield) by treatment with (4-methylphenyl) methanesulfonyl chloride (PMS-Cl).26) Alkaline hydrolysis of 6 gave 7 in 96% yield. Epimerization of methyl group at C-2' was successfully carried out by two step sequences of oxidation and stereoselective reduction.
Reduction of 8 with NaBH4 under WARD'S conditions20)
gave the desired stereoisomer 9 as a sole product in 84%
yield. The compound 9 has the different specific rotation and 1H NMR spectrum from those of the starting 7, clearly indicating an epimerization at C-2'. This was also supported by the distinct physical data of the final 3-epi-actinobolin (17) from those of the natural actinobolin (1) . Upon acetylation, 9 afforded the acetate 10. Removal of TBDMS group of 10 resulted in the alcohol 11 (92% yield), which was oxidized to the ketone 12 (94% yield Bride14) to afford the enol lactone 14 in 98% yield.
Simultaneous removal of both the PMS and the acetonide groups of 14 smoothly proceeded with HF to afford the 3-epi-actinobolamine as its HF salt 15. The synthesis of 3-epi-actinobolin (17) was completed by condensation of 15 with N-benzyloxycarbonylalanine followed by hydrogenolysis with H2/Pd-C.
Biological Activities
As shown in Table 1 , 3-epi-actinobolin (17) showed less inhibitory activity than actinobolin (1) against several organisms. The analogue 17 was also found to have less cytotoxicity than 1 ( Table 1 . Antibacterial activities of actinobolin (1), bactobolin (2) and 3-epi-actinobolin (17) by broth dilution method. Table 2 . Cytotoxicity of actinobolin (1), bactobolin (2) and 3-epi-actinobolin (17) .
The rate of survival cells was measured by MTT assay and IC50 value was calculated. (
To a solution of 3 (1.20g, 4.5mmol) in a mixture of dichloromethane (6ml) and methanol (6ml) was added and the reaction mixture was stirred for 30 minutes. After dilution with ethyl acetate, the solution was washed with water, dried over MgSO4 and filtered. The filtrate was evaporated to give an oil, which was subjected to column chromatograpy on silica gel. Elution with chloroformmethanol (10:1) gave a colorless solid of 4 (1.18g, 98% yield), which was crystallized from a mixture of dichloromethane and hexane ( (
To a solution of 4 (0.685g, 2.5mmol) in dichloromethane (7ml) were added tert-butyldimethylsilyl chloride (0.753g, 5.0mmol) and imidazole (0.510g, 7.5mmol) at room temperature, and the reaction mixture was stirred for 2 hours. After dilution with chloroform, the solution was washed with satd NaHCO3 aq solution and water, dried over MgSO4, and filtered. The filtrate was evaporated to give an oil, which was subjected to preparative TLC on silica gel developed with chloroform -methanol (30:1) to give 5 (0.866g, 90% yield). 
To a solution of 7 (0.170g, 0.32mmol) in dichloromethane (4ml) was added pyridinium dichromate (1.2g, 3.2mmol) at room temperature, and the reaction mixture was stirred overnight. Filtration and evaporation of the filtrate gave an oil, which was subjected to preparative TLC on silica gel developed with ethyl acetate-hexane To a solution of 11 (0.344g, 0.76mmol) in dichloromethane (4ml) was added pyridinium dichromate (0.568 g, 1.5mmol) at room temperature, and the reaction mixture was stirred at room temperature for 1 hour. After filtration, the filtrate was evaporated to give an oil, which was subjected to preparative TLC on silica gel developed with ethyl acetate -hexane 
